In mouse erythrocytes harbouring the malarial parasite Plasmodium yoelii, three processes contributed to inward fluxes of adenosine, one of which is attributed to the native nucleoside transporter, because of the inhibitory effects of nitrobenzylthioinosine (NBMPR). New (parasite-induced) permeation processes of low NBMPR-sensitivity were (i) saturable fluxes with preference for the D enantiomer (D-Ado) and (ii) 
INTRODUCTION
During intra-erythrocytic development of malarial parasites (Plasmodium spp.) changes in host-cell plasma membranes occur that include insertion of parasite proteins [1] and alterations in membrane permeability to small organic solutes [2, 3] . Salvage of host purines by malarial parasites, which do not synthesize purines [4] , obviously occurs during the intra-erythrocytic stages of the parasite cycle. Part of the salvage process, utilization of plasma purine nucleosides, proceeds by the membrane transport and enzymic machinery of the erythrocyte. Nucleosides enter erythrocytes of mice and humans by facilitated diffusion nucleoside-transport (NT) systems that are of high sensitivity to nitrobenzylthioinosine (NBMPR) [IC50 (concn. causing halfmaximal inhibition) < 30 nM] [5] [6] [7] , a potent NT inhibitor that is bound tightly by the nucleoside transporter glycoprotein [8] . We have reported the presence of NT activity of low NBMPRsensitivity in mouse erythrocytes infected with P. yoelii [6] . Nucleoside uptake of low NBMPR-sensitivity has also been observed in human erythrocytes infected with P. falciparum [9, 10] .
In the present study we show that 'physiological adenosine' (D-Ado) enters mouse erythrocytes infected with P. yoelii by an NT system that resembles the native transporter of mouse erythrocytes, and by two parasite-induced processes of low NBMPR-sensitivity. One of the induced processes has channellike properties in being unsaturable and permeable to both DAdo and the L enantiomer (L-Ado), in contrast with the native NT system, which has high, but not absolute, enantiomeric selectivity [11] . [14] . The 3H content of cell pellets was determined as described in [13] .
Cell suggested that the native transporter was functional in the infected cells. In addition, a major parasite-induced D-Ado-influx component(s) of low NBMPR-sensitivity was present in pRBCs (IC50 47-54,lM). These results are in agreement with a previous report describing the expression of a major D-Ado-permeation process of low NBMPR-sensitivity in pRBCs [6] .
The Parasite-induced adenosine permeation activity was explored further in studies that employed L-Ado, a poor permeant for the native NT system [11] . Time courses for inward fluxes of adenosine in pRBCs are shown in Fig. 2(a) (Fig. lb) , suggesting that L-Ado fluxes and unsaturable D-Ado fluxes in pRBCs were kinetically similar and were probably attributable to the same process.
Phlorizin, an inhibitor of sugar transport, and furosemide, an inhibitor of anion transport, are agents that have been shown to suppress malarial-parasite growth in vitro [18] . In the present study, these substances were tested as inhibitors of L-Ado influx in pRBCs. Whereas 100 /zM-phlorizin was a weak inhibitor, 100 uM-furosemide decreased the flux of 1 ,sM-L-Ado by about 70% (result not shown). In Fig. 3 (Fig. 3) .
DISCUSSION
The low NBMPR-sensitivity of parasite-induced adenosinepermeation processes distinguished them from the native NT system, which was blocked by NBMPR concentrations as low as 10 nm. While recognizing the need for further characterization of the induced non-stereoselective entry of adenosine, we have termed this process 'channel-like', because the process discriminated against sucrose entry and was inhibited by furosemide, Vol. 272 properties that suggest participation of a membrane-spanning protein, rather than non-specific diffusion. Whether channel or transporter models are appropriate remains to be established [19] .
The non-stereoselective nucleoside-entry process identified in the present study, in being relatively insensitive to phlorizin, differs from the process by which amino acids, anions and hexitols enter human erythrocytes infected with P. falciparum [2, 20] . Phlorizin was a potent inhibitor (IC50 17 ,UM) of sorbitol entry in P. falciparum-infected erythrocytes [20] , but a weak inhibitor of L-Ado fluxes in P. yoelii-infected mouse erythrocytes (the present study). Furosemide, a potent inhibitor of channellike adenosine fluxes in P. yoelii-infected mouse erythrocytes (the present study) was a poor inhibitor of anion fluxes in P. falciparum-infected human erythrocytes, although it inhibited parasite growth in those cells [18] . It is not known if the channellike entry process for nucleosides is expressed in P. falciparuminfected erythrocytes or if the P. yoelii-induced channel accepts permeants other than nucleosides.
The inhibition by furosemide of a substantial adenosine flux component in pRBCs suggests that the loop diuretic may be interacting with a parasite-induced protein component of the erythrocyte membrane. Expression of the channel-like nucleoside-entry process in pRBCs may be related to the cell-volume increases associated with intra-erythrocytic parasite development ([21] ; the present study), since furosemide inhibits (i) the electroneutral co-transport of K+/Cl-ions induced in erythrocytes by osmotic swelling [22] , and (ii) the channel-like nucleoside permeation induced by osmotic swelling in eel erythrocytes that is Received 6 July 1990/4 September 1990; accepted 11 September 1990 also sensitive to other loop diuretics [23] . The latter system also accepts neutral amino acids and sugars as permeants and participates in amino-acid-mediated cell-volume regulation [23, 24] .
Although proliferation of malarial parasites in mouse erythrocytes dramatically changed adenosine-flux characteristics in the erythrocytes, total inward fluxes of D-Ado per cell were similar in pRBCs and RBCs in media containing 1 ,uM-D-Ado. The native NT system was active in pRBCs, although D-Ado fluxes by this route were substantially less than in uninfected cells. Together these findings suggest that a substantial fraction of the native NT elements of the erythrocyte membrane may be modified during parasite development, although it is possible that parasitespecified NT polypeptides may also be incorporated into the host erythrocyte membrane. 
